We discuss the cosmological dependence of the star-formation history of the universe, within the framework of a very simple semi-analytic model, where star-formation occurs within the virialized cores of dark matter halos, at a rate which is primarily governed by rate of matter infall into the halo core. Our model is extremely simple, contains a number of uncertain features, and cannot be expected to predict detailed properties of the galaxy distribution. In spite of these great uncertainties, we nd that at su ciently high redshifts fundamental di erences between cosmologies (and not uncertainties in the star-formation model) are the dominant factor determining star-formation history. Consequently, we argue that observations of star forming galaxies at high redshift (z > 5) with telescopes such as NGST can provide a powerful probe of cosmology. { 3 {
Introduction
Recent years have seen dramatic advances in our understanding of the history of luminous sources and the star-formation rate (SFR) in the universe. Observations of the UV luminosity density (an indicator of the instantaneous star-formation rate), have suggested an SFR which rises rapidly with increasing redshift to a peak and subsequent decline around z ' 1{2 (Madau, Pozetti & Dickinson 1998 , and references therein), although the decline at redshifts z > 2 is still uncertain (Steidel et al. 1998) . Ground based spectroscopy is now capable of detecting luminous sources at redshifts z ' 5, allowing us to probe cosmic star-formation at ever earlier epochs Weymann et al. 1998; Spinrad et al. 1998; Hu, McMahon & Cowie 1999) . These advances have been complemented by the detection of the far-IR background (FIB) by DIRBE and FIRAS (Hauser et al. 1998; Fixsen et al. 1998) , and of sub-mm sources by SCUBA (Trentham, Blain & Goldader 1999) , demonstrating that a large portion of the energy released by star-formation is absorbed by intervening dust and remitted as thermal radiation.
Much recent work has also concentrated on gaining a theoretical understanding of the processes which govern star-formation. One approach has been to carry out high resolution numerical simulations, attempting to account as accurately as possible for the dynamics of both dark matter and gas (for example, Katz & Gunn 1991; Cen & Ostriker 1992) . However, many vital processes (for instance, feedback from supernovae, enrichment of the interstellar medium and its e ect on cooling) cannot possibly be modeled directly, and must be incorporated in a simpli ed and highly uncertain manner. An alternative approach uses semi-analytic models (SAMs). Here, the evolution of dark matter halos is tracked using either n-body simulations or the Press-Schechter (1974) formalism. The dynamics of gas within each halo is then modeled analytically, under certain assumptions about halo pro les, symmetry, and feedback (White & Frenk 1991; Kau mann, White & Guiderdoni { 4 { 1993; Cole et al. 1994; Somerville & Primack 1998) . These models may contain several free parameters, such as star-formation time-scale, supernovae reheating e ciency, and stellar mass to light ratio. The parameters can be xed by tting to observations such as the Tully-Fisher Relationship, the B-band luminosity function, or the average mass of cold gas in a typical galaxy. Both numerical and semi-analytic approaches have had some successes in explaining diverse observational data, but we are still a long way from a deep understanding of the factors which govern and regulate star-formation.
In this work, our goal is not to explain detailed properties of the galaxy population, but rather, to see what general statements we can make about the cosmological dependence of the star-formation rate, independent of these details. To this end, we will turn to a very simple semi-analytic model. Here, star formation occurs in the virialized cores of dark matter halos, at a rate which is simply proportional to the infall rate of baryons into those virialized cores. Although we will consider some corrections to this picture from photoionization heating in small halos, and cooling limitations in large halos, our model has primarily just one free parameter, the e ciency with which infalling matter is turned into stars. Our fundamental assumption is that this e ciency is a universal parameter, independent of halo mass, redshift or environmental e ects. Instead it depends only on universal \micro"-physical processes, such as reheating, supernovae driven feedback and turbulent gas dynamics. Clearly, our model is too simplistic to explain detailed properties of the galaxy population: For example, the model does not di erentiate between star-formation in ellipticals and spirals, nor does it track the metal or dust content of each halo. However, we will concentrate on predictions for which robust, detail independent results can be found: In particular, we will show that the abundance of star-forming objects at high redshift di ers strongly among cosmologies, is robust to various uncertainties, and is a prediction for { 5 { which the approximations inherent to our model are most likely to be accurate. Hence, we will argue that observations of distant luminous galaxies with forthcoming telescopes such as the next generation space telescope (NGST, scheduled for launch in September 2008) should be able to clearly distinguish between di erent cosmologies.
In section 2 we describe our model for star-formation in more detail, including corrections for photoionization heating in small halos and cooling limitations in large halos. In section 3 we describe the three cosmologies we will consider. In section 4 we compare the predictions of our model with observational data on the local (z 5) star-formation rate, showing the range of possible predictions within the uncertainties of our model. In section 5 we make predictions for the number of luminous objects and the supernovae rate at higher redshifts, arguing that robust di erences exist between the predictions from di erent cosmologies. In section 6 we draw our conclusions.
SFR Model
We assume that star-formation occurs within the virialized cores of dark-matter halos, and that the rate of star-formation within a given halo depends only the the circular velocity v c of that halo, and the redshift z. After stating our assumptions about the relationship between v c and the star-formation rate within a given halo, our model is completely speci ed by a knowledge of the evolution of halo abundance as a function of v c , which we compute using the Press-Schechter formalism.
Our basic assumption is that the rate of star-formation in a given halo is governed by the rate of infall of baryons into the virialized core (we discuss corrections to this assumption for low and high mass halos below). Assuming that the infalling gas is converted into stars with a universal e ciency , that the halo has an isothermal pro le, and that the { 6 { overdensity in the virialized core is 200, the infall driven star-formation rate is given by (White and Frenk 1992) _ M ;inf = 0:15 f b v 3 c G :
Here f b is the fraction of the matter in the universe contributed by baryons (such that b = f b m where b and m are the contributions of baryons and total matter to the critical density of the universe respectively). Also, is a dimensionless star-formation e ciency, and G is Newton's gravitational constant. For all models we consider, the total fraction of baryonic matter converted into stars is small (less than 10%), so we will not worry about the depletion of the supply of gas as it is turned into stars.
For su ciently small halos (v c < v min ) we assume that photoionization heating from an early generation of stars will quickly strip the halo of its gas, driving the rate of star formation rapidly to zero. Ongoing star-formation is only possible in larger halos (v c > v min ) where the gravitational potential is su cient to retain most of the gas. Following Dekel & Silk (1986) our ducial choice for the minimum halo velocity v min is 100kms ?1 , although we investigate the e ect of varying this value. For a number of our predictions we will only be interested in the SFR in large halos, so and this lower mass cuto will be irrelevant.
For the most massive halos, star-formation is limited by the rate at which the gas can cool, allowing it to overcome pressure support and form condensed objects. Following White & Frenk (1992) , we take the rate at which matter within a halo can cool to be
where we have assumed that all the baryons in the halo are in the form of gas. Here m (r) is the matter density at a distance r from the halo center, which under the assumption of an isothermal pro le we take to be m (r) = v 2 c 4 Gr 2 :
Also, r cool is the maximum radius at which the halo can cool by the redshift in question, and t is the cosmic time. In order to calculate r cool , we require that t cool (r cool ) = t z (4) where t z is the age of the universe at redshift z, and t cool (r) is the cooling time at radius r, given by t cool (r) = 3 2 f b m (r) m p kT n 2 e (r) (T ) :
Here m p is the mass of a proton, m p is the mean molecular weight of the gas, which we x by assuming fully ionized gas which is 25% helium by mass, n e (r) is the number density of electrons at radius r, k is Boltzmann's constant, T is the temperature of the halo, satisfying kT = m p v 2 c =2, and (T ) is the cooling function, for which we use the ducial form (T ) = 4 10 ?36 (kT=keV) ?0:5 Jm 3 s ?1 which is an approximate t to the solar metal abundance cooling function of Binney & Tremaine (1987) . Though the true cooling function is metal dependent, our simple model does not attempt to trace the metal history in halos. However, by considering two extreme cases, one where cooling is completely e cient (that is, M cool = M ;inf ), and one with a cooling function appropriate for zero metals, we will show that the exact form of (T ) is not important for a number of our predictions.
Simplifying the above expressions, our nal form for the star-formation rate in a halo as a function of its circular velocity is Having stated our assumptions about the relationship between halo star-formation rate and v c , our model is fully speci ed by a knowledge of the evolution of halo number density as a function of v c . According to the Press-Schechter (1974) formalism (which for generality we state here in a form which allows the primordial uctuations to be non gaussian { see Chiu, Ostriker & Strauss 1997; Robinson & Baker 1999) , the comoving number density of halos with masses between M and M + dM at redshift z is given by
Here R is the comoving Lagrangian (pre-collapse) radius of a sphere containing mass M, satisfying M = 4 3 R 3 m c ; (10) where m is the fractional contribution of matter to the critical density of the universe c . The statistical properties of the initial uctuations are speci ed via P(y), the probability distribution function (PDF), scaled and translated to have mean zero and standard deviation one (for gaussian uctuations P(y) = exp(?y 2 =2)=(2 ) ). Also, f is a correction factor included to ensure that the mass function accounts for the entire mass of the universe (f = 1= R 1 0 P(y)dy, with f = 2 for gaussian uctuations), and y c (M; z) is de ned as c (z)= R(M) (z) where c (z) is the critical overdensity for collapse at redshift z (for ts to the weak cosmological dependence see Kitayama & Suto 1996) . Finally, R (z) is the rms uctuation in a sphere of radius R, extrapolated using linear gravity to a redshift z, that is
where G(z) is the cosmic growth factor, and R is the rms uctuation today.
The circular velocity v c is related to the halo Lagrangian radius and formation redshift
; (12) where c (z) is the ratio of the halo density to the critical density at redshift z (for ts to the cosmological dependence see Kitayama & Suto 1996) , and m (z) is the matter density at redshift z. For practical purposes, the second term in equation 12 can be neglected. To simplify our calculations we make the additional assumption that all halos have just formed at the redshift at which we observe them. This approximation works best in a critical universe, where the evolution of the halo number density is most rapid, but should also be accurate for the rarest peaks in a low density universe. From the analysis of Viana & Liddle (1999, in particular, see gure 3), we expect the error induced in the halo number density by this approximation to be at worst a factor of 1.5 in our lambda model or 2 in our open model.
Cosmological models
We will use our model to make predictions for the star-formation history and associated observational quantities for three basic cosmologies. Firstly, we consider a critical universe with m = 1 and = 0, where is the contribution of the cosmological constant to the critical density of the universe today. In this case, constraining the amplitude of uctuations to t the present day abundance of rich clusters leads us to adopt a normalization of 8 = 0:5 (Eke, Cole & Frenk 1996) . Second, we consider a cosmological constant model with m = 0:3, = 0:7, for which cluster normalization leads us to adopt 8 = 0:9. Finally, we consider a cluster normalized open model, with m = 0:2, = 0:0, and 8 = 1:0. For each model we choose a Hubble constant H 0 = 100hkms ?1 Mpc ?1 with h = 0:5. The baryon density in each of our models is xed using the preferred value from nucleosynthesis bounds b = 0:015h ?2 (Walker et al. 1991 ).
The rms uctuation R for each model can be derived from a knowledge of the power spectrum P(k), which for the purposes of this work we take to have a CDM form, P(k) / kT 2 (k) 
Here ? is the shape parameter, which for the case of CDM models is given by ? = m h where h = H 0 =(100kms ?1 Mpc ?1 ). Although this form for the power spectrum is motivated by the CDM cosmology, it also represents a useful t to power spectra in a wide variety of structure formation models, and this is the spirit in which we employ it here. For all our ducial models we choose ? = 0:25, a value which yields a power spectrum in good agreement with that observed for galaxies (Viana & Liddle 1996) . For each cosmology we will also consider a variation motivated by CDM physics where ? = m h.
Local SFR
We now discuss predictions for the local SFR in each of our cosmologies. The comoving star-formation density at redshift z is given by
where n(M; z) is given in equation 9, and the relationship between M and v c at redshift z is given by equations 10 and 12. Integrating equation 16 we obtain an expression for the mass density in stars (and their products) at redshift z:
{ 11 { where R is the fraction of stellar material which gets reprocessed, and we have assumed an instantaneous recycling approximation. Following , we use R = 0:3, the value appropriate for a Salpeter initial mass function (IMF).
For each model, we x the star-formation e ciency by ensuring that the critical density in stars (and their products) today agrees with the observed value = 0:0054 10 0:18 h 50 (Gnedin & Ostriker 1992) . Here h 5 0 is the Hubble constant in units of 50kms ?1 Mpc ?1 . Figure 1 shows as a function of redshift for the ducial models in the critical, lambda and open cosmologies, where is de ned as the contribution of stellar mass to the critical density c . Normalization to requires = 0:59 in the critical model, = 0:18 in the lambda model, and = 0:09 in the open model. For di erent choices of parameters, values of will vary to maintain normalization to . Having xed the star formation e ciency, our models are now fully determined, and we can make predictions for other observational quantities.
First, we compare the star-formation rate as a function of redshift (the \Madau Curve") with a compilation of observational data from Steidel et al. 1998 . The data is derived from observations of UV luminosity density as a function of redshift, and has been corrected for extinction by dust, although the proper amplitude for this correction remains considerably uncertain. Figures 2, 3 , and 4 show our predictions for the Madau Curve in each of the three cosmologies, and for a wide choice of models within each cosmology. The data comes from Lilly et al. (1996) where dV is the volume element at a particular redshift for the model in question, d l is the luminosity distance, and the label (q 0 = 0:5; h = 0:5) denotes the value in the critical universe. This factor accounts for the fact that the true UV luminosity (and hence star-formation rate) for a given apparent magnitude scales with the square of the luminosity distance, and that the luminosity density (and hence star-formation density) scales inversely with the volume element at a particular redshift.
For the critical model ( gure 2) the ducial choice of parameters (solid line) gives a poor t to the Madau curve, with star-formation falling o too rapidly toward high redshift and showing very little decline at low redshift. The dotted line shows the prediction for variation (A), where cooling is completely e cient, that is, _ M cool = _ M ;inf . Since the predictions for both cases are very similar, we see that our approximate treatment of the cooling correction should not greatly a ect our conclusions. We have also considered a cooling function appropriate for zero metals, thus spanning an extreme range of possible cooling behavior. Once again we nd only small di erences from our ducial model. The reason our choice of cooling correction matters so little is that it only a ects star-formation in the rarest, most massive halos, while the bulk of star-formation is occurring in more common, less massive halos.
We now consider two variations on the ducial parameters which are speci cally chosen to improve the t to the Madau curve. The short-dashed curve shows variation (B), where we reduce the the minimum velocity v min of a halo capable of supporting ongoing star-formation to 25kms ?1 . This has the e ect of increasing the star-formation rate at higher redshift, and giving a slightly more rapid decline at low-redshift. The long-dash curve shows variation (C). Here, in addition to lowering v min , the amplitude of the uctuations there is still some discrepancy. Our nal variation (D { dot-dash curve) illustrates the e ect of changing the shape of the power spectrum to the form motivated by CDM physics, that is, changing the shape parameter to ? = m h = 0:5. Again, this improves the t to the Madau data over that obtained for the ducial choice of parameters.
Next, we discuss the predictions for our ducial model and variations in the lambda cosmology, as illustrated in gure 3. The ducial model (solid curve) gives a reasonable t to the data, though the fall in star-formation rate at low redshift is somewhat shallow, and the star-formation rate around redshift z = 4 is also low if the extinction correction of Steidel et al. (1998) is correct. For variation (A) { dotted line { we decrease the minimum halo velocity v min capable of sustaining star-formation to 25kms ?1 . This tends to improve the t to the star-formation at redshift z = 4, but the decline at low redshift is even more gradual than in the ducial case. For variation (B) { short dashed line { we increase v min to 150kms ?1 , which has the result of reducing the star-formation rate at high redshift. For variation (C) { long dashed line { we combine a high value of v min with a low normalization for the uctuations at the lower limit of the range allowed by the current cluster abundance, 8 = 0:8. This further reduces the amount of star-formation at high redshift. For variation (D) { dot-dashed curve { we use a normalization 8 = 1:05, at the upper limit of the range allowed by cluster normalization. This model has a higher star-formation rate at high redshift, and gives the best t to the Madau curve of all the variations considered in the lambda cosmology. Finally, variation (E) { long-short dashed curve { uses the value of ? motivated by CDM physics for the lambda cosmology under consideration, that is, ? = 0:15. As for the critical case, a wide range of models have been considered in the lambda cosmology, and the range of predictions for the Madau curve is also large. At a redshift z = 4, the predictions vary by up to a factor of 4. Despite the uncertainties in the low redshift predictions, we will see below that more robust statements can be made on the basis of the high-redshift SFR. The Madau curve allows us to compare the predictions of our models with the mean star-formation rate as a function of redshift. However, our model makes a prediction not just for the mean but also for the distribution function of star-formation rates within halos. Since the raw data from which observations on the Madau curve are constructed is halo number counts as a function of UV luminosity, our predictions for this latter quantity can actually be compared more directly with observational data. To predict number counts of objects as a function of apparent magnitude, we follow Madau, Pozetti & Dickinson (1998) Predictions for number of halos at redshifts z = 3, z = 4 and z = 5 are shown in gures 5, 6 and 7, for our ducial models in the three cosmologies. The data at z = 3 and z = 4 comes from the luminosity functions given in Steidel et al (1998) . The data at redshift z = 5 is derived from the existence of three galaxies, with AB magnitudes m 1500 = 26:81 ), m 1500 = 28:3 , and m 1500 = 28:1 (Weymann et al. 1998 ) at redshifts 5.34, 5.34, and 5.6 respectively. The number density of these objects is di cult to calculate exactly, since they have been identi ed from a combination of pointed and serendipitous observations. However, an estimate based on the number of candidate objects in photometric samples places the number density at about 1-3 galaxies per unit redshift per square arcminute.
In each case, we have assumed a universal attenuation factor A = 0:2, which is what Steidel et al. (1998) derive as their median value. However, the extinction is highly uncertain, and we give an idea of the degree of this uncertainty by adding a horizontal bar (lower right corner) in the above gures. This bar shows the amount by which our predictions could move under the assumption of zero extinction (from the cross to the left end of the bar) or under the assumption A = 0:14 (from the cross to the right end of the bar) which is the mean value derived by Steidel et al. (1998) . If the degree of extinction were universal, then changing the adopted value would move our predictions left or right in a linear fashion. However the assumption of a universal extinction is unlikely to be entirely accurate, with observations suggesting that dust absorption may be most signi cant in the most luminous halos (Steidel et al. 1998) . Application of such a non-universal extinction factor in our model would make our predicted luminosity functions somewhat steeper.
Taking into account the uncertainties from the extinction correction, the ducial models in both the open and the lambda cosmologies give a good t to the observational data. The ducial model in the critical cosmology however lies signi cantly below the datapoints at all three redshifts. In the critical case, normalizing to the present day abundance of stellar material tends to imply too low a rate of star-formation at higher redshift. It should be remembered however that model variations in the critical cosmology gave rise to variations of up to a factor of 30 in the SFR at a redshift z = 5, so it is di cult to draw robust conclusions on the result of this data alone. In the next section, we will discuss how observations at higher redshift could allow us to distinguish between the cosmologies, in spite of the many uncertainties involved in our predictions.
High redshift predictions
Figures 8 and 9 show the expected galaxy counts per unit redshift per square arcminute with magnitudes greater than 28 and 30 respectively, for the critical (solid lines), lambda (dotted lines) and open (short-dashed lines) cosmologies. For each cosmology, the two lines plotted show the predictions for those model variations considered above which give the highest and lowest number abundance of high redshift halos respectively. Further, for the high abundance prediction we assume a low value for the mean extinction by dust (A = 0:33), while for the low abundance prediction, we assume a high attenuation (A = 0:14). The pair of curves for each cosmology thus span a broad range of possible predictions in each case. We see that the range of predictions for each cosmology overlaps considerably for redshifts less than z 5, but that at redshifts greater than z = 10 this overlap disappears. This is true for both magnitude limits considered, although luminous objects at m AB = 30 are considerably more common (by a factor of about 100 in the critical and lambda models) making it possible to get good statistics on the abundance with considerably smaller surveys. Figure 10 illustrates the key e ects which cause cosmology to become the dominant { 17 { factor determining luminous object abundance at high redshift. The three panels, from top to bottom respectively, show the luminosity distance d l , the growth factor G, and the volume element dV=dz as a function of redshift in each cosmology. The two most important e ects are the di erences in volume element and growth factor at high redshift. From the bottom panel, we see that a given survey at a redshift z ' 10 will cover approximately 5 times the volume per unit redshift in the lambda cosmology as in the critical cosmology, and approximately 10 times the volume in the open cosmology. From the middle panel, we nd that the amplitude of perturbations on a given scale will be approximately two times higher in the lambda cosmology as compared to the critical cosmology, and approximately 4 times higher in the open cosmology. This increase results from a combination of di erences in the cosmological growth factor, together with the fact that cluster normalization prefers a higher uctuation amplitude at low redshift in the low density models.
To see the huge impact which these cosmological e ects can have on the abundance of luminous objects, consider the case of a collapsed object at redshift 10 representing a 2
uctuation in the open model. In the critical model, an 8 uctuation would be required to produce a collapsed object with the same mass, since the amplitude of perturbations is suppressed by a factor of four. Further, any survey we carry out to nd such an object will cover only one tenth of the volume in the critical case that it does in the open case. Even though the mass threshold corresponding to a given luminosity is considerably uncertain, the cosmological factors are so important that they dominate the predictions, as seen in gures 8 and 9.
There is one competing cosmological e ect which slightly hinders the detection of objects in the low density cosmologies: Due to the di erences in luminosity distance (top panel), identical objects at a redshift z = 10 will appear approximately 2 times less luminous in the lambda cosmology than the critical cosmology, and approximately 4 times less luminous in the open cosmology. However, it is clear from gures 8 and 9 that the dominant cosmological e ects are the ones which tend to increase object abundance in the low density models.
We have shown that at su ciently high redshifts, cosmology becomes the most important factor determining the abundance of luminous halos. We now discuss the prospects for detecting such halos using NGST. According to its speci cations, NGST should be sensitive to rest-frame UV emission down to magnitude limits fainter than m AB = 30 out to redshifts of at least 20, for exposures times of 10 4 s (Stockman 1997) . In 10 4 4arcmin 2 elds of view, NGST should detect 500-4000 objects per unit redshift down to a rest frame UV magnitude limit of 30 around redshift 10 for the open cosmology, 1-500 objects for the lambda cosmology, and no objects in the critical cosmology. As we go to even higher redshifts, the di erences between the cosmologies become even more pronounced.
One strength of using UV luminous objects at high redshift as a cosmological probe is that this is the regime in which the predictions of our simple model are most likely to be accurate. Firstly, the approximation that all halos have formed relatively recently should hold well, since the halos in question are rare in all three cosmologies. Secondly, we are not sensitive to the lower cuto in the star-formation rate in low circular velocity halos (v c < v min ) since these halos are too faint to be detected.
We mention brie y which choice of parameters has been used to produce the high and low abundance predictions for each cosmology. For the critical case, the low abundance prediction comes from variation (B) where v min = 25kms ?1 , and the high abundance We now consider predictions for the rate of core-collapse supernovae, another observation which can be used to probe the rate of star-formation at high redshift. Assuming a Salpeter IMF, and following Madau, Della Valle & Panagia (1998) , we take the rate of core-collapse supernovae per unit angle, per unit redshift, per unit observational time to be SNR II (z) = 0:0074 Figure 11 shows the rate of core-collapse supernovae we would expect for each cosmology.
In each cosmology, the two curves show predictions for those variations among the models considered above which di er most as we go to high redshift. We see that the supernovae prediction is less robust than the luminous object abundance, with overlap between the lambda and critical cosmologies remaining at all redshifts. This is because very faint galaxies contribute signi cantly to the overall supernova rate (by virtue of being most numerous), so that the value of v min becomes important. Despite being less powerful than the high-z galaxy abundance, the supernova rate still provides a strong probe of cosmology, with no overlap between the open cosmology with either the lambda or the critical case for redshifts z > 5.
The supernovae rates plotted show the number we would expect to occur per unit redshift per unit observational time. The number of supernovae we would actually detect depends on the details of the instrument we use to observe them, and has been discussed in detail in Dahlen & Fransson (1999) . Figure 2 of that work shows the expected peak magnitudes for various types of core-collapse supernovae as a function of redshift in two observing bands (I band, = 0:8 m; K' band , = 2:1 m). In table 1 we summarize the expected peak magnitudes in the K' band for the various supernovae types, at redshifts 4 and 8. Taken together with the expected fraction of each type of supernovae (inferred from local observations), we can estimate the fraction of core-collapse supernovae we expect to be detectable at each redshift. For NGST, a 10 4 s exposure should have a limiting K' AB-magnitude of 31.4 at the 10 level. Therefore, from table 1, we would expect to be sensitive to 100% of supernovae at z = 4 in the critical and lambda models, and 85% in the open model. At z = 8 we would expect to be sensitive to 62%, 32%, and 32% in the critical, lambda and open models respectively. From gure 11 we see that the ability to detect such fractions of type II supernovae at this redshift will allow us to place signi cant constraints on cosmology.
The models which we have used to produce the high and low curves for the supernovae prediction are: low predictions, variations (A), (B) and (D); high predictions, variations (C) (A) and (A) in the critical, lambda and open models respectively. We do not consider the type Ia supernovae rate here as it is a less sensitive probe of cosmology, depending more on the speci c details of the supernova model.
Conclusions
We have made predictions for the star-formation history of the universe in three di erent cosmologies using a very simple model. In this model, star-formation occurs in the virialized cores of dark matter halos, at a rate which is basically proportional to the infall rate of baryons to the halo core. Our model is more simple than a number of previous approaches in the literature, and cannot be expected to reproduce detailed properties of the galaxy distribution. Its strength, however, is that by varying the unknown parameters we can still span a wide range of possible predictions within each cosmology. Within the range of uncertainty inherent to our model, star-formation scenarios within all three of our cosmologies are able to give a reasonable t to current observations of the SFR at z < 5.
{ 21 {
Although the data at z < 5 does not provide a strong probe of cosmology, at higher redshift cosmological factors (di erences in the volume element and growth factor as illustrated in Figure 10 ) begin to dominate over other uncertainties. In particular, NGST observations of the number density of UV luminous galaxies at z > 10 should be able to distinguish between a critical cosmology, an open cosmology with m = 0:2, and a lambda cosmology with m = 0:3, independent of the many uncertainties inherent to star-formation. Put simply, galactic objects exhibiting star-formation induced luminosity must necessarily have a considerable (albeit uncertain) mass, and their detection in high numbers at z 10 would strongly favor a low density universe. Observations of type II supernovae at z > 10 with NGST should further reinforce the ability to distinguish between cosmologies.
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